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METHOD, CHIP, DEVICE AND INTEGRATED SYSTEM FOR DETECTION BIOLOGICAL 
PARTICLES 



5 FIELD OF THE INVENTION 

The present invention relates to a method, a chip, a device and a system for detection of 
biological particles. Method of the invention typically comprises collecting the biological 
particles from a gaseous sample, contacting the biological particles with a first liquid 
reagent, extracting biological material from the collected biological particles, and analysing 
10 the biological material for the presence of a target nucleic acid sequence. 

BACKGROUND 

In order to facilitate rapid detection of airborne pathogens capable of causing either 
15 natural or deliberate epidemics it is important to collect particles that holds or consists of 
the said pathogens in order to facilitate rapid detection. Diseases that are spreading 
through air pose a serious health risk to man. According to the World Health Organization 
(WHO) as many as 1000 million people may become infected with Tuberculosis between 
2002 and 2020, of which approximately 150 million will get sick and 36 million people will 
20 die from the disease. The first new communicable airborne disease of the 21st century is 
Severe Acute Respiratory Syndrome (SARS), which has the potential of generating rapidly 
spreading infections. Parallels can be feared with the spread of the Plague ("the Black 
Death") with Europe's Middle Ages, when approximately 25 million people died in the 
period 1347 to 1352. The most deadly form of the Plague is by Inhalation of infectious 
25 aerosols, where as little as 1-10 cells of Yersinia pestis are sufficient to cause disease. The 
aerosols can arise by respiration of Infected humans or, more threateningly, from 
deliberate releases Y. pestis by bioterrorists. 

Biological warfare (BW) agents of critical concern are bacterial spores, such as Bacillus 
30 anthracfs (anthrax), Clostridium tetani (tetanus), and Clostridium botulinum (botulism). 
Spores, produced by certain types of Gram-positive bacteria in response to starvation, are 
non-growing, heat-resistant, dehydrated, and resistant to extremes of temperature, pH, 
desiccation, radiation, and chemical agents. This stability makes them an attractive tool for 
use in BW weapons. 

35 

Other micro-organisms with the potential of being used to generate deliberate epidemics 
comprises micro-organisms causing e.g., Smallpox, Ebola, Encephalitis, and Q-fever. Also 
feared are the natural occurring recombination products of airborne influenza with the 
deadly Avian flu. These recombined viruses have the potential of causing pandemics 
40 facilitated by air travel of as of yet unseen dimensions. 
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US 5,674,742 discloses an integrated mlcrofabricated instalment for manipulation, 
reaction and detection of microliter to picoliter samples. The Instrument is suited for 
5 biochemical reactions, particularly DNA-based reactions such as the polymerase chain 
reaction, that require thermal cycling since the inherently small size of the instrument 
facilitates rapid cycle times. The integrated nature of the instrument provides accurate, 
contamination-free processing. The instrument may include reagent reservoirs, agitators 
and mixers, heaters, pumps, and optical or electromechanical sensors. Ultrasonic Lamb- 
10 wave devices may be used as sensors, pumps and agitators. 

US 6,586,253 discloses a method for the detection of cell contents which contains the 
steps of, Introducing a cell into a channel in a microchip; lysing the cell to release cell 
contents Into the channel; moving the cell contents towards a detection zone; and 

15 detecting the cell contents at the detection zone. An apparatus for the detection of cell 
contents is furthermore disclosed, the apparatus comprising: a microchip; a cell 
mobilization channel formed in the microchip, the cell mobilization channel having a cell 
introduction end and a detection end; a cell mobillzer operably connected with the cell 
introduction end for moving cells from the cell introduction end to the detection end; 

20 means for lysing cells in the cell mobilization channel at a lysing zone, the lysing zone 
being located between the cell introduction end and the detection end; and a detector, 
disposed adjacent the detector end, arranged to detect ceil contents appearing at the 
detector end that have been moved from the lysing zone to the detector end by the cell 
mobilizer. 

25 

US 6,673,621 discloses a device suitable for marking a collected sample, comprising 
collecting means for collecting the sample and at least one detectable marker which Is 
associated with at least a portion of the collecting means, wherein the at least one 
detectable marker is contractable with the sample upon collection of the sample to mark 

30 the collected sample upon contact of the sample with the at least a portion of the collecting 
means having the at least one detectable marker associated therewith, and wherein the at 
least one detectable marker is other than a component which is present in the sample 
before collection and is inert to any component present In the sample before collection. It 
furthermore discloses kits containing the device, methods for marking samples using the 

35 device, methods for determining the integrity of a marked sample, and use of the markers 
for the testing of laboratories and/or laboratory personnel for certification, proficiency 
testing or accreditation purposes are also provided. 



40 SUMMARY OF THE INVENTION 

An object of the present Invention relates to a provision of a method, a chip, a device and 
a system for performing rapid detection of biological particles. 
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Another object of the present invention relates to a provision of a method, a chip, a device 
and a system for performing sensitive detection of biological particles. 

Yet another object of the present invention relates to a provision of a method, a chip, a 
5 device and a system suitable for performing decentralised, and preferably fully automated, 
detection of biological particles. 

Still another object of the present invention relates to a provision of a method, a chip, a 
device and a system for performing detection of biological particles with a minimum of 
10 manual sample handling. 

Still another object of the present invention relates to a provision of a method, a chip, a 
device and a system for performing detection of biological particles, the method, chip, 
device and system using a minimum of energy for the detection. 

15 

Thus, an object of the present invention relates to the provision of direct collection of 
bioiogical particles from gaseous samples such as air samples. 

Another object of the present invention relates to the provision of methods, chips, devices 
20 and systems for up-concentrating biological particles from a large gaseous sample into a 
much smaller volume, i.e. increasing the concentration of the biological particles. 

Yet another object of the present invention relates to the provision of methods, chips, 
devices and systems in which collection and up-concentration of the biological particles are 
25 performed in the same structure and preferably also in the same step. 

Still another object of the present invention relates to the provision of methods, chips, 
devices and systems that easily allows for further analysis of collected biological particles. 

30 A further object of the present invention relates to the provision of methods, chips, devices 
and systems that easily allows for further analysis of collected biological particles. 

Also, an object of the invention relates to the provision of methods, chips, devices and 
systems that collect biological particles with high capture efficiency. 

35 

Other objects of the invention will become apparent when reading the description and the 
examples. 

40 An aspect of the present invention relates to a method for detecting a biological particle 
from a gaseous sample, the method comprising the steps of: 

a) providing a sample chamber and a first and a second electrode, the first and the 
second electrode and the sample chamber being so positioned that at least a part 
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of the sample chamber Is between the first and the second electrode, a distance 
between the first and the second electrode being at most 20 mm, 

b) providing a gaseous sample in the sample chamber, 

5 . 

c) applying an first potential to the first electrode and a second potential to the 
second electrode, thus resulting in a potential difference and an electric field 
between the first and second electrode, to assist electrostatic collection, in the 
sample chamber, of a biological partjcle from the gaseous sample, 

10 

d) contacting the collected biological particle with a first liquid reagent, thus 
obtaining a reaction mixture, 



e) exposing said reaction mixture to an alternating electric field In said sample 
15 chamber, said alternating electric field having a sufficient amplitude to extract 

biological material of the biological particle, 



f) performing nucleic acid amplification of a target nucleic acid sequence, and 

20 g) measuring the presence of the amplified target nucleic acid sequence and/or 

products resulting from amplification of the target nucleic acid sequence and 
optionally inferring that the biological particle has been detected in the sample if at 
least the one copy of amplified target nucleic acid sequence is present and/or if at 
least one product resulting from amplification of the target nucleic acid sequence is 

25 present. 



Yet a further aspect of the invention relates to a chip for detecting a biological particle 
from a gaseous sample, the chip comprising 
30 - a sample chamber, e.g. comprising a first opening in fluid connection with the 
surrounding air, and 

- a second opening to form a fluid connection with a device, the sample chamber 
comprising a gaseous sample. 



35 An additional aspect of the invention relates to a device for detecting a biological particle 
from a gaseous sample, the device comprising: 

a chip site where a chip is to be located in order be functionally associated with the 
device, 

- an electrical Interface between the device and the chip for applying an alternating 
40 electric field between the electrodes of the sample chamber, and 

- a programmable unit comprising a software that effects that the device performs one 
or more actions selected from the group consisting of: 



providing a gaseous sample in sample chamber, 
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applying an first potential to the first electrode and a second potential to 
the second electrode, thus resulting in a potential difference and an electric field 
between the first and second electrode, to assist electrostatic collection, In the 
5 sample chamber, of a biological particle in the gaseous sample, 

contacting the collected biological particle with a first liquid reagent, 

exposing a reaction mixture to an alternating electric field in said sample 
10 chamber, said alternating electric field having a sufficient amplitude so as to 

extract biological material from the biological particle, 

performing nucleic acid amplification of a target nucleic acid sequence, 

15 measuring the presence of the amplified target nucleic acid sequence and/or measuring 
products resulting from amplification of the target nucleic acid sequence. 

Yet a further aspect of the invention relates to a system for detecting a biological particle 
20 from a gaseous sample, the system comprising a chip as defined herein functionally 
associated with a device as defined herein. 

BRIEF DESCRIPTION OF THE FIGURES 

In the following some embodiments of the present invention will be described with 
25 reference to the figures, wherein 

Figure 1 illustrates the cross section of two exemplary embodiments of the chip, 

Figure 2 shows the silicon substrate of Example 1, 

30 

Figure 3 shows the Thermal insulation layer of Example 1, 
Figure 4 shows the Heater layer of Example 1, 
35 Figure 5 shows the Contact layer 1 of Example 1, 

Figure 6 shows the Electrical insulation layer 1 of Example 1, 
Figure 7 shows the Platinum layer 1 of Example 1, 

40 

Figure 8 shows the Contact layer 2 of Example 1, 



Figure 9 shows the Electrical insulation layer 2 of Example 1, 
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Figure 10 shows the Planarization 1 of Example 1, 
Figure 11 shows the Spacer of Example 1, 

5 

Figure 12 shows the Lid of Example 1, and 
Figure 13 shows the final chip of Example 1. 



DETAILED DESCRIPTION OF THE INVENTION 

An aspect of the present invention relates to a method for detecting a biological particle 
from a gaseous sample, the method comprising the steps of: 

15 a) providing a sample chamber and a first and a second electrode, the first and the 

second electrode and the sample chamber being so positioned that at least a part 
of the sample chamber is between the first and the second electrode, a distance 
between the first and the second electrode being at most 20 mm, 

20 b) providing a gaseous sample in the sample chamber, 

c) applying an first potential to the first electrode and a second potential to the 
second electrode, thus resulting in a potential difference and an electric field 
between the first and second electrode, to assist electrostatic collection, in the 

25 sample chamber, of a biological particle from the gaseous sample, 

d) contacting the collected biological particle with a first liquid reagent, thus 
obtaining a reaction mixture, 



30 e) exposing said reaction mixture to an alternating electric field in said sample 

chamber, said alternating electric field having a sufficient amplitude to extract 
biological material of the biological particle, 

f) performing nucleic acid amplification of a target nucleic acid sequence, and 

35 

g) measuring the presence of the amplified target nucleic acid sequence and/or 
products resulting from amplification of the target nucleic acid sequence and 
optionally inferring that the biological particle has been detected in the sample if at 
least the one copy of amplified target nucleic acid sequence Is present and/or If at 

40 least one product resulting from amplification of the target nucleic acid sequence is 

present. 
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According to the present invention the term "biological particle" is related to a particle 
comprising e.g. a microorganism and/or a virus and/or a fragment thereof. 
The term M and/or" used in the context "X and/or Y" should be interpreted as W X", or W Y", or 
"X and Y". 

5 

The microorganism may e.g. be selected from the group consisting of an archeal 
microorganism, a eubacterial microorganism or a eukaryotic microorganism. 

E.g., the microorganism may be selected from the group consisting of a bacterium, a 
10 bacterial spore, a virus, a fungus, and a fungal spore. 

In a preferred embodiment of the invention, the microorganism Is an airborne 
microorganism. 

15 The biological particle may also comprise a plant spore or a fragment thereof. 

In a preferred embodiment of the invention, the microorganism is a bacterial spore. 

For example, the bacterial spore may be formed by a bacterium selected from the genus 
20 Bacillus and/or the genus Clostridium. 

In a preferred embodiment of the invention, the bacterial spore is a spore formed by 
Bacillus anthracis. The biological particle may e.g. comprise a bacterial spore formed by 
Bacillus anthracis. Also, the biological particle may essentially consist of one or more 
25 bacterial spores formed by Bacillus anthracis. 

The term u gaseous sample" relates to a sample comprising one or more gasses and 
possibly also biological particles. The gaseous sample may e.g. be an air sample, such as 
environmental samples of air, sample of air resulting from a vaccum suction of powdered 
30 materials like earth, sand, dust or unidentified powder. The gaseous sample to be 

examined may originate from a person exhaling a breath sample containing or susceptible 
to contain microorganisms. 

According to the present invention the terms "sample chamber", "container" and "reaction 
35 chamber" are used interchangeably. 

In a preferred embodiment of the invention, the sample chamber is comprised by a chip, 
that Is to say, a cartridge or a biochip. The sample chamber may e.g. be comprised by a 
chip as defined herein. 

40 

In a preferred embodiment, the first and second electrodes are positioned at opposing 
sides of the sample chamber. 
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In an embodiment of the invention, the first and/or the second eiectrodes have a 
substantial form selected from the group consisting of a sheet, a plate, a disc, a wire, a 
rod, or any combination thereof. It is presently preferred that at least one electrode has a 
sheet form and it is even more preferred that both the first and the second electrode have 
5 sheet-forms. 

In an embodiment of the invention, the first and a second electrode are separated by a 
distance being at the most 20 mm, preferably being at the most 20 mm, such as at most 
15 mm, 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, or at most 4 mm, more preferably 
10 being at the most 3 mm, and even more preferably at most 0.5 mm such as at most 0.3 
mm, 0.2 mm, 0.1 mm, such as at most 0.05 mm. 

For example the first and the second electrode may be separated by a distance in the 
range of 0.05-20 mm, such as in the range of 0.05-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, 
15 0.5-1, 1-2, 2-5, 5-10, or 10-15 mm, such as in the range of 15-20 mm. 

Typically the first and the second electrode may be separated by a distance, which is at 
least 0.02 mm such as at least 0.03 mm or 0.05 mm. 

20 In step c), one or more biological particles are collected from the gaseous sample. The 
collection of biological particles may be performed according to the method and using the 
chip, device and system described in the co-pending PCT application "Method, chip, device 
and system for collection of biological particles" having the Application No. XXXXXXX, 
which is incorporated herein by reference. 

25 

In an embodiment of the invention, the biological particles are collected from the gaseous 
sample while the gaseous sample is flowing through the sample chamber. In another 
embodiment, the biological particles are collected from the gaseous sample while the 
gaseous sample is recirculated through the sample chamber, i.e. the gaseous sample 

30 passes through the sample chamber more than one time, in order to enhance the capture 
efficiency. For example, when recirculated, the gaseous sample may flow through the 
sample chamber at least 2 times, 3 times, 4 times, 5 times, 10 times, 15 times, 20 times, 
30 times, 40 times, 50 times, or 75 times, such as at least 100 times. The gaseous sample 
may e.g. flow through the sample a number of times in the range of 2-200, such as 2-50 

35 times, 50-100 times or 100-200 times. 

In an embodiment of the invention, the gaseous sample is provided in the sample chamber 
by means of a gas flow. During the collection of biological particles the gas flow typically 
has a flow rate ranging preferably from about 5-1000 mL/minute. 

40 

In an embodiment of the invention, the gas flow has been terminated before the biological 
particles are collected from the gaseous sample. 
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Normally, at least a part of the gaseous sample In sample chamber Is positioned or flows 
between the first and the second electrode. For example, at least 40 % of the volume of 
the gaseous sample Is positioned or flows between the first and the second electrode, such 
as at least 50, 60, 70, 80, 90, 95, 97.5, 99, 99.5, or 99.9 % of the volume of the gaseous 
5 sample is positioned or flows between the first and the second electrode, such as at least 
100 % of the volume of the gaseous sample is positioned or flows between the first and 
the second electrode. 

In yet an embodiment of the invention, the electric field of the first and the second 
10 electrode are selected so at yield a capture efficiency of at least 50% for biological 
particles having an effective length in the interval from 1-10 micrometer. 

The electric field magnitude may be chosen from the group of: 50 V/mm, 100 V/mm, 200 
V/mm, 300 V/mm, 400 V/mm, 500 V/mm, 600 V/mm, 700 V/mm, 800 V/mm, 900 V/mm, 
15 1000 V/mm, 1100 V/mm, 1200 V/mm, 1300 V/mm, 1400 V/mm, 1500 V/mm, 1600 
V/mm, 1700 V/mm, 1800 V/mm, 1900 V/mm, 2000 V/mm. 

For example the electric field magnitude may be in the range of 50-2000 V/mm, such as in 
the range of 50-100, 100-200, 200-300, 300-400, 400-500, 500-750, 750-1000, 1000- 
20 1200 V/mm, 1200-1500 V/mm, such as in the range of 1500-2000 V/mm. 

In a preferred embodiment of the invention, the first and second electrode are respectively 
negatively charged and positively charged, or vice versa. For example, if the potential 
difference between the two electrodes are the 400 V, the negatively charged electrode 
25 may have a potential of -200 V relative to ground and the positively charged electrode 
may have a potential of 200 V relative to ground. 

In a highly preferred embodiment of the invention, the first potential of the first electrode 
and the second potential of the second electrode, and thus the electric field between the 
30 first and the second electrode, are selected so as to yield a capture efficiency of at least 
50% for biological particles having an effective length in the interval from 1-10 
micrometer, such as a capture efficiency of at least 70%, preferably at least 80%, and 
more preferably at least 90%, such as at least 95%, 97.5%, 99, 99.5 or 99.9% such as 
approximately 100%. 

35 

Preferably, the capture efficiency is determined according to the standardised method of 
Example 2. 

According to the present invention, the term "effective length" of a particle is the 
40 aerodynamic diameter of the particle e.g. as measured by laser light scattering (O'Brien et 
al 1986). The aerodynamic diameter of a particle, d pa , may be estimated by the formula 
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where d ps is Stoke diameter in jim and p p is the particle density In g/cnn 3 . 

In a preferred embodiment of the invention, the collected biological particles of the sample 
chamber are contacted with a first liquid reagent It may be preferred that the biological 
5 particles are contacted while they are still located between the first and the second 
electrode. 

In step d) the collected biological particle are contacted with a first liquid reagent and the 
resulting mixture is called the reaction mixture. 

10 

The first liquid reagent comprises one or more reagents required to perform a nucleic acid 
amplification. 

The first liquid reagent may comprise one or more reagents selected from the group 
15 consisting of a primer, a nucleic acid, a triphosphate nucleotide and a nucleic acid 
polymerase. 

The first liquid reagent may furthermore comprise additives such as 2-mercaptoethanol, 
e.g. in a concentration of 10 mM, BSA e.g. in a concentration of 1 mg/ml and/or a 
20 detergent e.g. In a concentration of 0.5% to 6% (w/v). The detergent may be selected 
from the group consisting of Triton X-100, Triton X-114, NP-40, Tween20, Tween80 and 
similar non-ionic detergents. 

In the present context, the term "nucleic acid", "nucleic acid sequence" or "nucleic acid 
25 molecule" should be interpreted broadly and may for example be an oligomer or polymer 
of ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) or mlmetics thereof. This term 
includes molecules composed of naturally-occurring nucleobases, sugars and covalent 
internucleoside (backbone) linkages as well as molecules having non-natura!ly occurring 
nucleobases, sugars and covalent internucleoside (backbone) linkages which function 
30 similarly or combinations thereof. Such modified or substituted nucleic acids may be 
preferred over native forms because of desirable properties such as, for example, 
enhanced affinity for nucleic acid target molecule and increased stability in the presence of 
nucleases and other enzymes, and are in the present context described by the terms 
"nucleic acid analogues" or " nucleic acid mimics". Preferred examples of nucleic acid 
35 mimetics are peptide nucleic acid (PNA-), Locked Nucleic Acid (LIMA-) , xylo-LNA-, 

phosphorothioate-, 2'-methoxy-, 2'-methoxyethoxy-, morpholino- and phosphoramidate- 
comprising molecules or functionally similar nucleic acid derivatives. 

The term "nucleic acid polymerase" relates to a DNA- or RNA- dependent DNA polymerase 
40 enzyme that preferably is heat stable, i.e., the enzyme catalyzes the formation of primer 
extension products complementary to a template and does not irreversibly denature when 
subjected to the elevated temperatures for the time necessary to effect denaturatlon of 
double-stranded template nucleic acids. Generally, the synthesis is initiated at the 3' end 
of each primer and proceeds in the 5' to 3' direction along the template strand. Thermo 
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stable polymerases have been Isolated from thermophilic or caldoactive strains such as 
Thermus ffavus, T. ruber, T. thermophflus, T. aquatlcus, T. lacteus, T. rubens, 
Thermococcus litoralis, Pyrococcus furiosus, Bacillus stearothermophilus and 
Methanothermus fervidus. Nonetheless, polymerases that are not thermo stable also can 
5 be employed in nucleid acid amplification provided the enzyme Is replenished. 

The first liquid reagent may furthermore comprise a 5'-3' exonuclease degradable, oligo- 
nucieic acid probe, the degradation of said nucleic acid probe resulting in release of a 
redox active component. 

10 

The redox active component may e.g. be a metallocene such as e.g. ferrocene. 

In step e) the reaction mixture Is exposed to an alternating electric field. The alternating 
electric field may be provided by the first and second electrode that provide the electric 
15 field for collection or it may be provided by another set of electrodes. 

The extraction of biological material may be performed according to the method and using 
the chip, device and system described in the co-pending PCT application "Method, chip, 
device and system for extraction of biological material" having the Application 
20 IMo. ZZZZZZZ, which application is incorporated herein by reference. 

In a preferred embodiment of the invention, the part of the exposed reaction mixture, on 
which further genetic analysis is performed, comprises at least 20 % of the reaction 
mixture in the sample chamber, such as at least 30, 40, 50, 60, 70, 80, 90, 95, 97.5, 99, 
25 99.5, or 99.9 % of the reaction mixture in the sample chamber, such as at least 
approximately 100 % of the reaction mixture in the sample chamber. 

According to the present invention, the terms "extraction" and "extracting" relate to 
releasing biological material of the one or more biological cells, that is e.g. to say, making 
30 it for available for further analysis in the reaction mixture. The terms "extraction" and 
"extracting" are also related to e.g. opening or rupturing the cell wall or cell barrier of the 
biological particle. 

The biological material extracted from the biological particle will typically comprises a 
35 component selected from the group consisting of a cell organelle, a genetic material, and a 
protein. 

The genetic material may e.g. comprise chromosomal DNA and/or plasmid DNA and/or any 
type of RNA. 

40 

The protein may e.g. be selected from the group consisting of enzymes, structural 
proteins, transport proteins, Ion channels, toxins, hormones, and receptors. 

Preferably, the biological material comprises DNA and/or RNA. 



WO 2005/083426 



12 



PCT/DK2005/000130 



According to the present invention, the term "alternating electric field" relates to electric 
fields that change over time. The alternating electric field may e.g. be the electric field that 
occurs from periodically shifting the polarity of two electrodes between positive/negative 
5 and negative/positive, i.e. connecting an AC source to the electrodes. The alternating 
electric field may e.g. comprise or be an AC field. The alternating electric field may e.g. 
comprise one or more DC pulses. 

It Is important that the alternating electric field has a sufficient amplitude and is applied 
10 for a sufficient duration of time to extract the biological material. It may also be important 
that the alternating electric field furthermore has a sufficient frequency to extract the 
biological material. 

In a preferred embodiment of the invention, the frequency of the alternating electric field 
15 is at the least 5 kHz, preferably being at least 20 kHz, and more preferably being at least 
50 kHz. 

In another preferred embodiment of the invention, the frequency of the alternating electric 
field is at the least 100 kHz, preferably being at least 250 kHz, and more preferably being 
20 at least 500 kHz. 

For example, the frequency of the alternating electric field may be at least 5 kHz, such as 
at least 10, 20, 50, 100, 200, 300, or 400 kHz, such as at least 500 kHz. Even higher 
frequencies such as 1000 kHz, 2000 kHs or 5000 kHz is envisioned. 

25 

Preferably the frequency of the alternating electric field is at most 750 kHz, such as at 
most 500 kHz. 

Thus, the frequency of the alternating electric field may e.g. be In the range of 5-750 kHz, 
30 such as in the range of 5-10, 10-20, 20-50, 50-100, 100-200, 200-300, 300-400, or 400- 
500 kHz, such as in the range of 500-750 kHz. Preferably, the frequency of the alternating 
electric field may e.g. be in the range of 60-750 kHz, such as 70-750 kHz, 80-750 kHz, 90- 
750 kHz, or 100-750 kHz. 

35 The amplitude of the alternating electric field, that is, the maximum potential difference 
between the first and the second electrode, is typically at most 30 V, such as at most 25, 
20, 15, 10, 8, 6, 5, 4, 3, or 2 V, such as at most 1 V. 

The amplitude of the alternating electric field, that is, the maximum potential difference 
40 between the first and the second electrode, may e.g. be in the range of 1-30 V, such as In 
the range of 1-2, 2-3, 3-4, 4-5, 5-6, 6-8, 8-10, 10-15, 15-20, or 20-25 V, such as in the 
range of 25-30 V. 
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An interesting measure of the extraction of bioiogical material is the DNA/RNA release 
percentage. The "DNA/RNA release percentage" is percentage of biological cells in the 
sample chamber that release their DNA and/or RNA due to the exposure in step c) to the 
alternating electric field. The DNA/RNA release percentage is determined according to the 
5 standardised method described in Example 3. 

The extraction and thus the DNA/RNA release percentage of biological cells in the sample 
chamber or in a chip comprising the sample chamber is strongly dependent on the design 
of and the distance between the first and the second electrode, the structure and materials 
10 of the sample chamber and the potentials appiied to the first and the second electrode. 

In a highly preferred embodiment of the invention, the first potential of the first electrode 
and the second potential of the second electrode, and thus the alternating electric field 
between the first and the second electrode, are modulated so as to yield a DNA/RNA 
15 release percentage of at least 30%, such as a DNA/RNA release percentage of at least 
40%, preferably of at least 50%, and more preferably of at least 60%, such as of at least 
70%, 80%, 90%, 95%, 97.5%, 99, 99.5 or 99.9% such as approximately of 100%. 

In an another preferred embodiment of the invention, the first potential of the first 
20 electrode and the second potential of the second electrode, and thus the alternating 
electric field between the first and the second electrode, are modulated so as to yield a 
DNA/RNA release percentage of at least 30% of the bacterial spores in the sample 
chamber, such as a DNA/RNA release percentage of at least 40%, preferably of at least 
50%, and more preferably of at least 60% of the bacterial spores in the sample chamber, 
25 such as of at least 70%, 80%, 90%, 95%, 97.5%, 99, 99.5 or 99.9% such as 
approximately of 100% of bacterial spores in the sample chamber, 

4 

In a preferred embodiment, the alternating electric field provided by modulating the 
polarity of the two electrodes. 

30 

The alternating electric field may have a substantial form chosen from the group consisting 
of: rectangular, sinusoidal, saw-tooth, asymmetrical triangular, symmetric triangular; or 
any combination thereof. 

35 Also, the alternating electric field, in the frequency domain, may comprise a least a first 
and a second frequency component. 

In an embodiment of the invention, the reaction mixture is exposed to the alternating 
electric field for at most 3600 seconds, such as at most 3000, 2000, 1000, 500, 250, 100, 
40 50, 40, 30, 20, 10, 5, 4, or 3 seconds, such as at most 1 seconds. 

For example, the reaction mixture may be exposed to the alternating electric field in the 
range of 0.01-3600 seconds, such as In the range of 0.1-1, 1-5, 5-10, 10-25, 25-50, 50- 
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100, 100-250, 250-500, 500-1000, or 1000-2000 seconds, such as in the range of 2000- 
3600 seconds. 

In a preferred embodiment of the invention, the reaction mixture is exposed to the 
5 alternating electric field for at most 250 second, preferably for at most 100 second such as 
for at most 30 seconds. 



Step f) comprises performing a nucleic acid amplification of a target nucleic acid sequence. 
10 Preferably, the target nucleic acid sequence is selected to be specific for the biological 
particle. 

According to the present invention, the term "target nucleic acid sequence" (TNAS) relates 
to a nucleic acid sequence of special interest, e.g. for analytical or diagnostic purposes. 
15 The TNAS may e.g. be a gene or a fragment of a gene. 

According to the present invention, the term "nucleic acid amplification" relates to a 
process in which a template, e.g. a fragment of the nucleic acid comprising the TNAS, is 
copied into a number of copies. 

20 

In a preferred embodiment of the invention, the nucleic acid amplification of step f) is 
performed using an amplification technique selected from the group consisting of Polymerase 
Chain Reaction techniques (PCR), Strand Displacement Amplification (SDA), Ligation-Rolling 
Circle Amplification (L-RCA) and their combinations/modifications. These methods as well as 
25 PCR are well known to the person skilled in the art and are e.g. described in Sambrook et aL 

Preferably, the nucleic acid amplification of step 0 is PCR. Polymerase chain reaction (PCR) 
is one of the most commonly used nucleic acid amplification techniques. U.S. Pat. Nos. 
4,683,202, 4,683,195, 4,800,159, and 4,965,188 disclose embodiments of the PCR 

30 technique. PCR typically employs two oligonucleotide primers that bind to a selected 

nucleic acid template (e.g., DNA or RNA). A primer can be purified from a restriction digest 
by conventional methods, or it can be produced synthetically. The primer is preferably 
single-stranded for maximum efficiency in amplification, but the primer can be doubie- 
stranded. Double-stranded primers are first denatured, i.e., treated to separate the 

35 strands. One method of denaturing double stranded nucleic acids is by heating. 

After the double-stranded nucleic acid is denatured by heat, the reaction mixture is 
allowed to cool to a temperature that promotes annealing of each primer the nucleic acid 
sequence comprising the TNAS. The temperature for annealing Is usually from about 35°C 
40 to about 65°C. The annealing time is typically from about 1 second to about 1 min. The 
reaction mixture is then adjusted to a temperature at which the activity of the polymerase 
is promoted or optimized, i.e., a temperature sufficient for extension to occur from the 
annealed primer to generate products complementary to the template nucleic acid. The 
temperature should be sufficient to synthesize an extension product from each primer that 
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is annealed to a nucleic acid template, but should not be so high as to denature an 
extension product from its complementary template (e.g., the temperature for extension 
generally ranges from about 40°C to 80°C). The extension time is normally from about 5 
seconds (in lab-on-chip settings) to about 5 minutes. 

5 

According to the present invention, the term "primer" relates to a nucleic acid sequence, 
which is capable of hybridising e.g. to the TNAS, to a nucleic acid sequence in the vicinity 
of the target sequence, or to a nucleic acid sequence overlapping with the TNAS. 
Alternatively, a primer may be capable of hybridising to either the complementary 
10 sequence of the TNAS, to the complementary sequence of a nucleic acid sequence in the 
vicinity of the TNAS, or to the complementary sequence of a nucleic acid sequence 
overlapping with the TNAS. 

The primers typically comprise oligonucleotides, that is, nucleic acid molecules comprising 
15 in the range of 5-30 nucleotides, such as in the range of 5-10 nucleotides, 10-15 
nucleotides, 15-20 nucleotides, 20-25 nucleotides, and 25-30 nucleotides. It is also 
envisioned that longer nucleic acid molecules may be used as primers. Thus, a primer may 
comprise a nucleic acid molecule comprising in the range of 30-50 nucleotides, such as in 
the range of 30-35 nucleotides, 35-40 nucleotides, 40-45 nucleotides, and 45-50 
20 nucleotides. 

For example, a primer may essentially consist of an oligonucleotide, that is, nucleic acid 
molecules essentially consisting of in the range of 5-30 nucleotides, such as in the range of 
5-10 nucleotides, 10-15 nucleotides, 15-20 nucleotides, 20-25 nucleotides, and 25-30 
25 nucleotides. Also, a primer may be a nucleic acid molecule essentially consisting of in the 
range of 30-50 nucleotides, such as in the range of 30-35 nucleotides, 35-40 nucleotides, 
40-45 nucleotides, and 45-50 nucleotides. 

It is especially preferred that the nucleic acid amplification of step f) is nested PCR. Nested 
30 PCR uses at least two pairs of primers, that Is, a pair of outer primers and a pair of inner 
primers. In a pair of primers, one primer, the sense primer, is typically designed to be 
capable of hybridising to the nucleic acid strand comprising the TNAS strand. The other 
primer, the antisense primer, is typically designed to be capable of hybridising to the 
complementary nucleic acid strand of the nucleic acid strand comprising the TNAS strand. 
35 First a PCR process involving the outer pair of primers are performed, thereby enriching 
the reaction mixture with nucleic acid molecules comprising the TNAS or fragments thereof 
and reducing the noise from other nucleic acid sequences of the reaction mixture. Next, a 
PCR process involving the inner pair of primers are performed, thus specifically amplifying 
the TNAS or a fragment thereof. 

40 

It is even more preferred to perform a nested PCR in a single-tube format, that is, nested PCR 
where both the outer pair of primers and the inner pair of primers are present in the reaction 
mixture at the same time. One major advantage of using single-tube nested PCR in the 
context of automated and e.g. chip based detection systems is that the complexity of the 
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liquid handling is dramatically reduced in comparison to conventional nested PCR where the 
outer and inner pair of primers have to be added into the reaction mixture sequentially. 

Typically, the melting temperature (Tm) of the pair of outer primers is at least 2 °C higher 
5 than the Tm of the pair of inner primers. This difference in Tm makes it possible to 
perform the PCR process exclusively with the outer pair of primers by keeping the 
annealing temperature higher than the Tm for the inner pair of primers. The PCR process 
involving the inner pair of primers is initiated by reducing the annealing temperature below 
the Tm of the Inner pair of primers. 

10 

For example, Single-tube nested PCR may e.g. be performed by the method comprising 
the steps of: 

i) cycling, at least two times, the temperature of the reaction mixture between a 
15 first denaturation temperature, a first annealing temperature and a first extension 

temperature, the first annealing temperature being similar to or lower than the 
lowest Tm of the outer primer pair and higher than the highest Tm of the inner 
primer pair, and 

20 ii) cycling, at least two times, the temperature of the reaction mixture between a 

second denaturation temperature, a second annealing temperature and a second 
extension temperature, the second annealing temperature being similar to or lower 
than the lowest Tm of the inner primer pair 

25 The single-tube nested PCR process and the detection may e.g. be performed according to 
the methods and using the kits described in the co-pending PCT application "Method, kit 
and system for enhanced Nested PCR" having the Application No. YYYYYYY, which is 
incorporated herein by reference. 

30 

Step g) involves measuring the presence of the amplified target nucleic acid sequence 
and/or products resulting from amplification of the target nucleic acid sequence and 
optionally Inferring that the biological particle has been detected in the sample if at least 
the one copy of amplified target nucleic acid sequence is present and/or If at least one 
35 product resulting from amplification of the target nucleic acid sequence is present. 

In a preferred embodiment of the invention, the measurement of step g) comprises an 
electrochemical measurement, such as e.g. an amperometric measurement or a 
voltammetric measurement. 

40 

In an especially preferred embodiment of the invention, the voltammetric measurement is 
performed using differential pulsed voltammetry or other means for reference signal 
subtraction to increase the signal to noise ratio. 
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Preferably, the voltammetric measurement is performed using detection electrodes, 
positioned In the sample chamber. The reference signal may e.g. be retrieved from 
another chamber remote to the sampling chamber. 

5 Voltammetric detection is preferably performed by means of a 5'-3' exonuclease 

degradable, oligonucleotide probe, the degradation of said nucleic acid probe resulting in 
release of a detectable component such as a redox active component. 

The redox active component may e.g. be a metallocene such as e.g. ferrocene, which can 
10 be measured with high sensitivity and specificity in voltammetric detection scheme. 

Preferably, the redox active component is a metallocenyl group. More preferably it Is a 

ferrocenyl group. A representative redox active component for the probe Is ferrocenyl and 

metallocenyl, more advantageously N-substituted ferrocene or metallocene carboxamides. 

The ferrocene or metallocene ring, which constitutes the labeling moiety, may be un- 
15 substituted. The above redox active components as well as additional useful redox active 

components are known in the art and are e.g. described in WO 03/074 731 and 

EP 1 481 083, which both are incorporated herein by reference. 

In solution, the accumulated digested probe may be distinguished from undigested probe 
20 due to its different redox activity; the method therefore further includes the detection of 
the presence or absence of a probe-specific voltage peak using a detection system based 
on voltammetric analysis of redox activity. 

In yet a preferred embodiment of the invention, the measurement of step g) comprises an 
25 optical measurement such as e.g. a fluorescence measurement or a measurement of 

chemiiuminescence. The use of optical measurement mayrequire the sample chamber, e.g. 
the sample chamber of the chip, comprises an window that is transparent for the relevant 
wavelengths. 

30 A number of different, well-described fluorescence techniques exist. For example, the 
fluorescence measurement may employ so called TaqMan® which e.g. Is describe in U.S. 
Patent 5,723,591. 

An aspect of the present relates to a method of detection of biological particles, e.g. 
35 excluding spores, the method comprises the step a), b), c), d), f), g) as described herein 
and a substitute step el) which replaces step e). Substitute step el) comprises extracting 
biological material from the biological particles by heat treating reaction mixture at a 
temperature in the range of 80 °C - 105°C, such as 90 °C - 100°C. The duration of the heat 
treatment is typically in the range of 5 seconds - 3 hours, such as 5 minutes - 60 minutes. 

40 

Another aspect of the invention relates to a method of extracting biological material from 
biological particles, the method comprising the above steps a), b), c), d), e), and f) as 
described herein. 
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Yet a further aspect of the invention relates to a chip for detecting a biological particle 
from a gaseous sample, the chip comprising 

- a sample chamber, e.g. comprising a first opening in fluid connection with the 
surrounding air, and 

5 - a second opening to form a fluid connection with a device, the sample chamber 
comprising a gaseous sample. 

The sample chamber, e.g. the sample chamber of the chip, is typically a microscale sample 
chamber. In an embodiment of the invention, the volume of the sample chamber is at 
10 most 500 nL such as at most 400 \iL, 300 nL, 200 nL, 100 pL, 50 25 jaL, 15 jiL, 10 \xL, 5 
\\L, 4 pL, 3 \iL r or at most 2 such as at most 1 \iL For example, the volume of the 
sample chamber may be at most 500 nL such as at most 400 nL, 300 nL, 200 nL, 100 nL, 
50 nL, 25 nL, 15 nL, 10 nL, 5 nL, 4 nL, 3 nL, or at most 2 nL, such as at most 1 nL. 

15 Typically, the volume of the sample chamber is at least 10 nL. In a preferred embodiment 
of the invention, the volume of the sample chamber is in the range of 1 nL-50 \xL, such as 
5 nL-30 

In an embodiment of the invention, the smallest distance between a pair of opposing walls 
20 is at most 20 mm, such as at most 15 mm, 10 mm, 8 mm, 6 mm, 4 mm, 3 mm, or 2 mm, 
such as at most 1 mm. For example, the smallest distance between a pair of opposing 
walls is at most 800 such as at most 600 urn, 500 *im, 400 urn, 300 ^im, 200 urn, 100 
^m, 50 ^m, 25 jam, 15 jam, 10 [am, 5 ^m, 4 jim, 3 ^m, or at most 2 jim, such as at most 1 
urn. 

25 

Typically, the smallest distance between a pair of opposing walls is at least 5 jam. In a 
preferred embodiment of the invention, the smallest distance between a pair of opposing 
walls is the range of 50 ^m-500 ^m, such as 100 nm-400 i^m, and 150 nm-350 ^nrt. 

30 In an embodiment of the invention, the length of the sample chamber, e.g. the sample 
chamber of the chip, is in the range of 1 mm-50 mm, such is in the range of 1 mm - 10 
mm, 10 mm - 20 mm, 20 mm - 30 mm, 30 mm - 40 mm, or 40 mm - 50 mm. In a 
preferred embodiment the length of the sample chamber is in the range of 2 mm - 8 mm, 
such as 3 mm - 7 mm or 4 mm - 6 mm. For example, the length of the sample chamber 

35 may be about 4.5 mm. 

In an embodiment of the invention, the width of the sample chamber, e,g. the sample 
chamber of the chip, is In the range of 0.2 mm-10 mm, such is in the range of 0.2 mm - 1 
mm, 1 mm - 3 mm, 3 mm - 5 mm, 5 mm - 7 mm, or 7 mm - 10 mm. In a preferred 
40 embodiment the width of the sample chamber is in the range of 0.2 mm - 2 mm, such as 
0.5 mm - 1.5 mm and 0.75 mm - 1.25 mm. For example, the width of the sample 
chamber may be about 1 mm. 
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In an embodiment of the invention, the height of the sample chamber, e.g. the sample 
chamber of the chip, is in the range of 50 urn -2 mm, such is in the range of 100 ^m - 1 
mm, 200 urn - 900 urn, 300 urn - 800 ^m, 500 urn - 700 ^m. In a preferred embodiment 
the height of the sample chamber is in the range of 100 jam - 400 urn, such as 200 urn - 
5 300 jim. 

In an embodiment of the invention, the length of the sample chamber, e.g. the sample 
chamber of the chip, is approximately 4.5 mm, the width of the sample chamber is 
approximately 1 mm and the height of the sample chamber is approximately 300 jim. 

10 

In an embodiment of the present invention the chip furthermore comprises a first and a 
second electrode. 

The first and/or the second electrode may have different shapes or dimensions. For 
15 example, the first and/or the second electrode may have a substantial form chosen from 
the group of a sheet, a plate, a disc, a wire, a rod; or any combination thereof. 

In a preferred embodiment of the present invention, the first and the second electrode 
may e.g. be sheet-like electrodes. 

20 

In a preferred embodiment of the present invention the first electrode and the second 
electrode are facing each other. For example, they may be positioned at opposite sides of 
the sample chamber. 

25 The first electrode and/or the second electrode may e.g. be positioned inside the sample 
chamber, standing free in the sample chamber or attached to one or more of the wall of 
the sample chamber. 

The first and/or the second electrode(s) may be embedded in the sample chamber wall(s). 
30 For example, the first and the second electrode(s) may be embedded in the sample 

chamber walls. Alternatively, the first and/or the second electrode(s) may be positioned In 
the outer surface(s) of the chip. 

Preferably the first electrode and the second electrode are positioned at opposite sides of 
35 the sample chamber. 

An electrode, e.g. the first electrode and/or the second electrode may be formed in a 
number of different materials. Typically, the electrodes are formed in metals or alloys. The 
first and the second electrode may for example comprise a metal selected from the group 
40 consisting of silver, gold, platinum, copper, carbon, iron, graphite, chrome, nickel, cobalt, 
titanium, mercury or an alloy thereof. 

It Is also envisioned that an electrode may comprise a conducting liquid and even 
essentially consist of a conduction liquid. The conducting liquid may e.g. be mercury. 
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The dimension or/and structure of electrodes typically depend on the dimension and/or 
structure the sample chamber. The length and width of the electrodes are of the same 
order of magnitude as the length and width of the sample chamber. 

5 The electrodes can be formed by as little as a coating of a few atom layers of conductive 
material. 

In an embodiment of the invention, an electrode, e.g. the first and/or the second 
electrode, has a thickness in the range of 0.001 ^-2000 jim, such as 0.001 j^m-1 \xm, 1 
10 nm-20 ^irn, 20 pm-200 urn, and 200 nm~2000 \im. 

In an embodiment of the invention, the sample chamber of the chip furthermore comprises 
a set of detection electrodes, e.g. two or three detection electrodes, for the detection of 
the presence or absence of redox active component, which e.g. may be released from a 

15 probe. Two detection electrodes may serve as working electrode and counter electrode, 
• respectively. The set of detection electrodes may furthermore comprise a reference 
electrode. Typically, the detection electrodes are formed in metals or alloys. The electrodes 
may for example comprise a material selected from the group consisting of carbon, silver, 
gold, or platinum. After detection, the electrodes may suffer from film formation on the 

20 electrode surface. To permit further detection of digested probe, further sets of detection 
electrodes can be placed within the sample chamber of the chip. 

In an embodiment of the invention, the first and second electrode may be the set of 
detection electrodes. 

25 

In a preferred embodiment of this invention, the chip furthermore comprises a 
temperature-sensing element, which e.g. could be a thermally sensitive metal-based 
resistor (a thermistor) with a positive temperature coefficient (PTC) i.e., the thermistor 
exhibits increasing electrical resistance with increases In environmental temperature and 
30 decreasing electrical resistance with decreasing temperature. 

The thermistor may e.g. be selected from the group of materials comprising copper, nickel, 
iron, aluminium, platinum, or alloys hereof. 

35 The thermistor may have different shapes or dimensions. For example, the thermistor may 
have a substantial form chosen from the group of a sheet, a plate, a disc, a wire, or a rod. 

The thermistor may e.g. be a wire-formed electrode. 

40 The heating electrode may have different shapes or dimensions. For example, the heating 
electrode may have a substantial form chosen from the group of a sheet, a plate, a disc, a 
wire, or a rod. 
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In a preferred embodiment of the present invention, the heating electrode may e.g. be a 
sheet-like electrode. In a preferred embodiment of the present invention the heating 
electrode may be positioned to enable heating from at least one side of the reaction 
chamber. 

5 

In yet another embodiment, one or more supplementary heating electrodes may be 
positioned on the opposing sides of the reaction chamber. 

The heating electrode is made of electrically conductive material, preferably selected from 
10 the group of nickel-chrome (NiCr), iron-chrome-alumlnum (FeCrAI), iron-nickel-chrome 
(FeNiCr) or other heating element alloys. 

In a preferred embodiment of the invention, the chip comprises one or more conducting 
contact pads in electrical contact with the electrodes of the chip. The chip may comprise a 
15 conducting contact pad in electrical contact with the first electrode. The chip may comprise 
a conducting contact pad in electrical contact with the second electrode. The chip may 
comprise two conducting contact pads In electrical contact with each their end of the 
heating electrode. The chip may comprise two or three conducting contact pads in 
electrical contact with each their electrode of the set of detection electrodes. 

20 

In Figure 1, two exemplary chip embodiments are illustrated. In Figure 1 A) the chip (1) 
comprises the sample chamber (2) and a first electrode (3) and second electrode (4). The 
first electrode (3) is attached to the upper part (5) of the chip and the second electrode 
(4) is attached to the lower part (6) of the chip. Both the first and second electrodes are 

25 covered by an electrically insulating layer (7) to prevent unwanted electrolysis of the liquid 
contents of the sample chamber (2). A heating electrode is embedded in the insulating 
layer on top of the second electrode. The sample chamber is formed via a spacer part (9), 
which is sandwiched between the first part (5) and the second part (6) of the chip (1). The 
set of detection electrodes and the temperature sensing element are not shown In Figure 

30 1. 

The chip may comprise a vast array of different materials. It may for example comprise 
organic polymers such as plastics, metals and semiconductors such as silicon, glasses and 
ceramics and so fort. 

35 

With respect to Figure 1, the first and second parts could e.g. comprise materials such as 
plastics, semiconductors such as silicon, glasses or ceramics. The first and second 
electrode could e.g. comprise a metal such as gold or copper. The insulating layer could 
e.g. be a film of Si0 2 or polyimide. The heating electrode could e.g. be a NiCr electrode 
40 and the spacer layer might e.g. be cast a polydimethylsiloxane (PDMS) elastomer. 

In Figure 1 B) the first and second electrode are not comprised by the chip but may e.g. be 
comprised by a device for operating the chip. 
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A chip typically has a thickness in the range of 0.5 mm-50 mm, and preferably in the 
range of 2 mm-8 mm. 

A chip typically has a length or diameter in the range of 10 mm-500 mm, preferably In the 
5 range of 40 mm-200 mm. 

A chip typically has a width in the range of 5 mm-200 mm, preferably in the range of 20 
mm-100 mm. 

10 The chip may comprise just a single sample chamber or it may comprise multiple sample 
chambers. 

An additional aspect of the Invention relates to a device for detecting a biological particle 
from a gaseous sample, the device comprising: 
15 - a chip site where a chip is to be located in order be functionally associated with the 
device, 

- an electrical Interface between the device and the chip for applying an alternating 
electric field between the electrodes of the sample chamber, and 
a programmable unit comprising a software that effects that the device performs one 
20 or more actions selected from the group consisting of: 

providing a gaseous sample in sample chamber, 

applying an first potential to the first electrode and a second potential to 
25 the second electrode, thus resulting in a potential difference and an electric field 

between the first and second electrode, to assist electrostatic collection, in the 
sample chamber, of a biological particle in the gaseous sample, 

contacting the collected biological particle with a first liquid reagent, 

30 

exposing a reaction mixture to an alternating electric field in said sample 
chamber, said alternating electric field having a sufficient amplitude so as to 
extract biological material from the biological particle, 

35 - performing nucleic acid amplification of a target nucleic acid sequence, 

measuring the presence of the amplified target nucleic acid sequence 
and/or measuring products resulting from amplification of the target nucleic acid 
sequence. 

40 

According to the present invention, the term "functionally associated" means that the chip 
is associated to the device, so that the device can perform one or more actions affecting 
the chip. 
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In an embodiment of the invention, the chip is functionally associated with the device 
when the device can affect the electric field of the contents of the sample chamber. 

5 In an embodiment of the invention, the chip is functionally associated with the device 
when the device can control the potential of at least one electrode of the chip. For 
example, the device may be functionally associated with the chip when the device can 
control the potential of the first electrode and/or the second electrode of the chip. 

10 Being functionally associated may furthermore include that the sample chamber of the chip 
is in fluid communication with a flow controlling means. 

In an embodiment of the invention, the device comprises the first and second electrode, 
and when the chip Is functionally associated the eiectrical field between the first and 
15 second electrode assist collecting the biological particles of the gaseous sample in the 
sample chamber. In this embodiment, the chip need not comprise the first and second 
electrode. 

The device may also comprise a first reagent chamber for receiving and/or holding a first 
20 liquid reagent. Typically, the first reagent chamber has at least one opening, which are in 
fluid connection with the sample chamber when the chip is functionally associated with the 
device. Alternatively, the at least one opening of the first reagent chamber is brought in 
fluid connection with the sample chamber e.g. by using the means for controlling a flow. 
The first reagent chamber may also be closed by a removable barrier during storage, said 
25 barrier being removed either reversibly or irreversibly when the device is used. 

The device may furthermore comprise an electrical power supply for supplying power, e.g. 
to the flow generating means, and/or to the programmable unit, the first and second 
electrodes. 

30 

In an embodiment of the present invention, the chip is functionally associated with the 
device via the chip site. The chip site may e.g. comprise a plastic interface serving both as 
connecting material and as gaskets ensuring tight junctions between chip-ports and 
device-ports eliminate leakage of air and liquid. The chip site may for example comprise a 

35 surface and/or cradle for receiving the chip. Typically the chip site comprises at least one 
conducting contact pad. Preferably, the chip site comprises at least a conducting contact 
pad for providing electrical contact with the first electrode of the chip and a conducting 
contact pad for providing electrical contact with the second electrode of the chip. 
The programmable unit contains instructions, preferably computer readable e.g. software, 

40 adapted to facilitate controlling, monitoring, and/or manipulating of the device prior to 
operation, under operation, and/or after operation. 

The programmable unit preferably comprises at least one computer having one or more 
computer programs stored within data storage means associated therewith, the computer 
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system being adapted to for controlling the device. The programmable unit may in the 
context of the present invention be chosen from the non-exhaustive group of: a general 
purpose computer, a personal computer (PC), a programmable logic control (PLC) unit, a 
soft programmable logic control (soft-PLC) unit, a hard programmable logic control (hard- 
5 PLC) unit, an industrial personal computer, or a dedicated microprocessor. 

The present invention also relates to a computer program product being adapted to enable 
a computer system comprising at least one computer having data storage means 
associated therewith to control, monitor, and/or manipulate the device prior to operation, 
10 under operation, and/or after operation. The present invention further relates to a 

computer readable medium having stored therein a set of routines for enabling a computer 
system comprising at least one computer having data storage means associated therewith 
to control, monitor, and/or manipulate the device prior to operation, under operation, 
and/or after operation. 

15 

The programmable unit for controlling, monitoring, and/or manipulating the device prior to 
operation, under operation, and/or after operation preferably is preferably adapted for 
operation under harsh conditions, such as artic climate, tropical climate, and combat 
environment, in particular combat zones having being subjected to atomic, biological, 
20 and/or chemical warfare (ABC-warfare). Preferably, the programmable unit complies with 
the relevant military specifications for such units. 

In an embodiment of the invention, the programmable unit comprising the software 
furthermore effects that the device checks if the chip is functionally associated with the 
25 device. 

The programmable unit comprising the software may furthermore effect that the device 
performs one or more actions, such as e.g. 2, 3, 4, 5 or 6 actions, selected from the group 
consisting of 



30 



providing a gaseous sample in sample chamber, 



applying an first potential to the first electrode and a second potential to 
the second electrode, thus resulting in a potential difference and an electric field 
35 between the first and second electrode, to assist electrostatic collection, in the 

sample chamber, of a biological particle in the gaseous sample, 

contacting the collected biological particle with a first liquid reagent, 

40 - exposing a reaction mixture to an alternating electric field in said sample 

chamber, said alternating electric field having a sufficient amplitude so as to enable 
extraction of biological material, 



performing nucleic acid amplification of a target nucleic acid sequence 
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measuring the presence of the amplified target nucleic acid sequence 
and/or measuring products resulting from amplification of the target nucleic acid 
sequence. 

5 

The programmable unit comprising the software may e.g. effect that the device provides a 
gaseous sample in sample chamber by operating a flow generating means for providing a 
gaseous sample. 

10 

The programmable unit comprising the software may e.g. effect that the device applies a 
first potential to the first electrode and a second potential to the second electrode. 

The programmable unit comprising the software may e.g. effect that the device contacts 
15 the collected biological particle with a first liquid reagent by operating a flow generating 
means for providing liquid reagent and/or operating the means for controlling a flow. 

The programmable unit comprising the software may e.g. effect that the device exposes 
the reaction mixture to an alternating electric field in said sample chamber by modulating 
20 the potentials of at least two electrodes, e.g. the first and the second electrode as 
described herein or another set of electrodes dedicated to the alternating electric field. 

The programmable unit comprising the software may e.g. effect that the device performs a 
nucleic acid amplification of a target nucleic acid sequence by operating a heating 
25 electrode as described herein. 

The programmable unit comprising the software may e.g. effect that the device measures 
the presence of the amplified target nucleic acid sequence and/or measuring products 
resulting from amplification of the target nucleic acid sequence by operating the detection 
30 electrodes related to differential pulse voltammetry. 

In a preferred embodiment of the invention, the device furthermore comprises an electrical 
interface between the device and the chip for applying an electrostatic field between the 
first and the electrodes of the sample chamber. 

35 

The device may additionally measure a reference signal, i.e. a signal from a sample that 
either comprising a sample without a biological particle or comprises a well defined amount 
of a given biological particle. The reference signal may e.g. be retrieved from another 
chamber remote to the sampling chamber, e.g. a chamber located at another position of 
40 the chip, or a chamber located at another chip. 

The device may furthermore comprise an internal power supply. 
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The internal power supply may e.g. comprise a battery. The amount of energy to be 
utilized during a PGR reaction can be estimated as the amount of heat required to heat a 
volume of water equivalent to that of the fluid sample between the minimum and 
maximum temperatures of the PCR cycle. This temperature difference is approximately 50 
5 K, and so the heat to be transferred per cycle is approximately 6 Joules for a 30 pL sample 
volume. Running for example 60 cycles, the total energy consumption for one PCR reaction 
amounts to 60*6=360 Joules. Using a ramping time comparable to commercial 
thermocyclers (i.e. 2°C per second) the power required is 360*2/50 = 14.4 W. 

10 The battery voltage is considered to be the rated voltage of the battery, e.g. 1.2V per cell 
for nickel-cadmium (NiCd) and nickel-metal hydride (NiMH) batteries and 3.6V per cell for 
most lithium-ion (Li-ion) batteries. The charge capacity of the battery Is typically given in 
terms of milliAmp-hours (mAh) and is called the battery's Orating. For example, a load 
current of 1C for a battery with a Orating of 1200 mA-hours is 1200 mA. A battery can be 

15 viewed as being Ideal, (i.e., with a constant energy capacity) when draining with a load 
current below 0.1C (Linden, D. 1984. Handbook of Batteries and Fuel Ceils. New York: 
McGraw-Hill). Therefore, when delivering a power output of 14.4 W using e.g. a battery 
delivering 10.8V, the Orating of this battery should be in the range of 14.4/(10.8*0.1) 
= 13300 mAh to avoid peak power consumption that will dramatically reduce the energy 

20 capacity. 

To enable this energy consumption and power delivery, and to further ensure true 
portability, rechargeable batteries are preferred. In a preferred embodiment of the present 
invention rechargeable batteries are selected from the group consisting of Nickel 
25 Metalhydride (NiMH) based batteries and Lithium-ion (Li-ion) based batteries. 

Also, the internal power supply may comprise a generator, e.g. a portable generator. A 
portable power generator can be utilized as external power supply. The portable power 
generator can be recharged from, or simply consist of, a solar module, a battery charger 
30 (e.g. AC or car battery charger), a fuel combusting generator, or similar. 

Alternatively, power from an external power supply can be provided to the device, e.g. 
supplemented with a battery back-up. 

35 In an embodiment of the invention, the device furthermore comprises a flow generating 
means e.g. for providing a gaseous sample in the sample chamber of the chip and being in 
fluid connection with the second opening of the sample chamber when the chip is inserted 
in the device. 

40 The flow generating may comprise a pump such as a piston pump, a membrane pump, or 
a positive displacement pump. 

In an embodiment of the present invention, the pump is able to deliver an appropriate air- 
flow through the chip during sampling (in the range of 10 mL/min to 500 mL/min) is 
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selected. Preferably, the pump should be selected to fulfil one or more of the following 
criteria: small size, lightweight, pulsation-free flow, reversible flow of the medium by 
changing motor polarity, flow volume adjustable by controlling voltage. 
In an embodiment of the invention, the flow generating means may comprise an inkjet 
5 dispenser for creating small droplets of reagent or a similar micro dispensing device. 

In one embodiment of the present Invention, the gaseous sample can be provided by a 
passive flow through the chip. This will demand a velocity difference between the chip and 
the surrounding air to be sampled. The conditions for this occurrence is fulfilled if the chip 
10 is moved through the air, e.g. mounted on an airplane in such a way that the first opening 
is in fluid connection with the surrounding air, optimally opposing the flight direction. 
Alternatively, the conditions occur if the air is moving around the chip having no velocity 
compared to the air, e.g. mounted in an air vent. 

15 In an embodiment of the invention, the device furthermore comprises a means for 
controlling, e.g. a flow through the sample chamber. 

The flow may e.g. be a liquid flow and/or a gas flow. 

20 The means for controlling a flow typically comprises one or more valves. The valves may 
e.g. be selected from the group consisting of a check valve, a two way valve, a multi 
position valve and a pinch valve. 

The valve may e.g. be a microfabricated valve and In an embodiment the valve is 
25 integrated in the chip. 

In an embodiment of the present invention, the first reagent liquid can be delivered using 
the Ink-Jet micro dispensing technology. An Ink-Jet cartridge containing one or more 
compartments comprising the first liquid reagent or separate components of the first liquid 
30 reagent is mounted in such a way that it enables the microdispensing of liquids into the 
reaction chamber. 

In yet another embodiment of the present invention, the first liquid reagent or separate 
components hereof are encapsulated within sealed envelope being composed of a plastic 

35 polymer. The plastic polymer envelope is equipped with a build-in heating electrode, 
enabling the melting of the plastic polymer by the application of an appropriate electrical 
current and the subsequent release of the encapsulated liquid into the chip. In yet another 
embodiment, the release of liquid from the sealed plastic polymer envelope can be 
achieved by mechanical or physical rupturing of the envelope, e.g. by puncturing the 

40 envelope with a sharp object. 

In one embodiment of this invention, the device can be equipped with a display enabling a 
visual readout of the results. The display can be In the format of a light emitting source (a 
LED, a light bulb or similar), a screen, a digital readout or any combinations of the 
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mentioned. In yet another embodiment of this invention, the readout can be 
communicated in the form of audio signals. 

In a preferred embodiment of this invention, the device comprises a component that allows 
5 for wireless communication. Examples of wireless communication are 802.11 Mobile 
Wireless LAN, cellular, Bluetooth®, GPS, and Ultra Wideband. The communication can be 
one-way, e.g. transport of data from the device or transport of data to the device, or the 
communication can be the combination, i.e. two-way. Established communication can 
further be expanded to inter-device communication, i.e, establishment of an ad-hoc 
10 network enabling one device to trigger the initiation of sampling of another device thus 
facilitating the monitoring of, for example, the progression of an aerosol cloud. 

In a preferred embodiment of the invention, the device is a low weight and/or portable 
device. 

15 

In an embodiment of the present invention, the device weighs at most 10 kg, such as at 
most 8 kg, 6 kg, 4 kg, 3 kg, or 2 kg, such as at most 1 kg. It may even be preferred that 
the device weighs at most 800 g such as at most 600 g, 500 g, 400 g, 300 g, 200 g, 150 
g, 100 g, 80 g, 60 g, 50 g, 40 g, 30 g, 20 g, 10 g, or 5 g, such as at most 1 g. 

20 

Typically the device has a total weight in the range of 20 g - 1 kg, such as 20 g - 50 g, 50 
g - 100 g, 100 g - 250 g, 250 g - 500 g or 500 g -1000 g. 

Yet a further aspect of the Invention relates to a system for detecting a biological particle 
25 from a gaseous sample, the system comprising a chip as defined herein functionally 
associated with a device as defined herein. 

In an embodiment of the present invention, the chip and the device of the system are 
Integrated and are not meant to be physically separated from each other. In an 
30 embodiment of the invention, the chip and the device of the system are integrated so that 
they cannot be physically separated from each other without damaging the chip or the 
device. 

In an important embodiment of the present invention, the system is a disposable system, 
35 e.g. meant to be used only once. 

In another important embodiment the chip of the system is disposable but the device is 
meant to be reused. 

40 A special aspect of the invention relates to a device which Is aimed to monitor airborne 
infectious diseases and is optimized for monitoring of low aerosol concentrations, with 
direct implications for surveillance of epidemics. The device consists of three integrated 
technologies hosted in the same container (volume ranging from 10 nL to 10 mL) allowing 
sampling of bioaerosols, sample preparation for extraction of genetic material with 
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subsequent amplification of DNA or cDNA. The container is supplied by a common input 
and output for air and liquid. Initially, air is passed through the container in a stream 
originating by either overpressure at the input or vacuum at the output. The container Is 
equipped with electrodes facilitating electrostatic precipitation- The electrodes are typically 
5 formed as two opposing sheets between which the air is passed. However, other 
configurations, e.g. a single sheet electrode combined with a single or a set of point 
electrodes can be used to direct the sampled particles to a given spot in the container. The 
electrical field between the electrodes measured at the shortest distance is below 1000 
V/mm in order to prevent electrical sparking. Bioparticles carrying a natural charge are 

10 caught in the electrostatic field and their travel through the container is discontinued and 
they are directed against the electrodes where they precipitate. The capture mechanism is 
effective and readily a capture efficiency of 80% or more is achieved. The time for the 
electrostatic precipitation Is easily set by external equipment controlling the voltage on the 
surface electrodes. The precipitation stops when the voltage is turned off. Once a desired 

15 volume of air has been processed through the container, the pumping of air can be 
stopped and the container can be filled with a liquid containing the reagents for DNA / 
cDNA amplification. 

The collected and concentrated bioparticles can now be exposed for the sample 
20 preparation. We have demonstrated that endospores of Gram-positive bacteria, which are 
known to be extremely resistant to mechanical, chemical, and heat degradation, releases 
chromosomal and plasmid DNA when exposed to an oscillating electrical field across the 
container. The DNA release occurs within a few seconds if the frequency is above 10 kHz 
and a maximum release is achieved around 100 kHz. The effect of the oscillating field is 
25 the destruction of the integrity of the spores by either direct membrane breakdown, pore 
forming in the endospore wall, or sudden osmotic swelling due to biochemical degradation 
of the spore with concomitant activation of otherwise buffered divalent cations as Mg 2+ or 
Ca 2+ . The wall of the endospore of Gram-positive bacteria is the most stable enclosing 
structure found in bacteria, viruses, or fungi, protecting the organism and allowing it to 
30 reside dormant under extreme harsh conditions for decades. The sample preparation 
technology utilizing an oscillating electrical field is therefore effective in releasing genetic 
material from bacterial cells and spores. The oscillating field can be induced by the same 
electrodes used for electrostatic precipitation. 

35 Following the initial electrical sample preparation the sample Is exposed to heat and cool 
cycles by rapidly heating the sample to a denaturing temperature and subsequently cooling 
it. The temperature cycling mediates further breakdown of cells, spores and especially 
viruses which are unaffected by the oscillating electrical field releases genetic material. 
Viruses are generally genetic material embedded in protein structures, which quickly 

40 denature at higher temperatures. The rapid temperature oscillations (heating rates > 40°C 
/second and cooling rates > 15°C /second) are enabled by designing the container for 
optimal heat exchange. The thermal design is based upon the relation between the total 
thermal time constants of the materials compared to the thermal time constant of the 
water in the container. The overall heat capacity of the surrounding materials of the 
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container and the coupling of these materials to each other and to an externally mounted 
heat sink are important factors in enabling the rapid temperature oscillations. Heat Is 
supplied through a conductive thin film of e.g. Au or Pt In both the top and bottom of the 
container and it is Important that the liquid forms a flat sheet in between the heaters In 
5 order to achieve a rapid heating and cooling. 

The thin film is heated by passing current through the conductive material. The 
temperature is controlled by monitoring a four wired Wheatstone bridge thermo-sensor 
arrangement, allowing the temperature to be set inside the container with an accuracy of 
10 ±0.1°C. The oscillations of the temperature further facilitates amplification of DNA or cDNA 
if the proper biochemical conditions are present within the container. 

The device represents a unique and novel combination of methodologies allowing rapid 
sampling, sample preparation, and DNA or cDNA single molecule amplification integrated 
15 in one device. 

The term "Fluid" as used herein refers to any fluid, including air, a gas, or a liquid, 
including water and an aqueous solution. 

20 A special aspect of the invention relates to a micro scaled device for collecting biological 
particles, extracting genetic material, and conducting temperature dependent biochemical 
reactions comprising; 

a reaction chamber having an inlet opening providing a gas flow capability between 
the air to be sampled and the reaction chamber, and an outlet opening providing a 

25 gas flow capability between the reaction chamber and the exterior of the reaction 

chamber, the outlet or inlet being connected to an air-flow producing means for 
drawing the gaseous sample through the reaction chamber from the inlet opening 
to the outlet opening; said reaction chamber having a capability for introducing 
biochemically defined solvents into the chamber, a capability for removing the 

30 products of the temperature dependent biochemical reaction from the chamber, 

and a capability for very fast and accurate control of the temperature of the 
reaction chamber, and a collecting and electrolyzing component arranged within 
the reaction chamber between the inlet opening and the outlet opening, said 
collecting and electrolyzing component consisting of two or more electrodes 

35 positioned in parallel and having the surfaces or at least a part of the surfaces 

coated with or consisting of material capable of leading an electrical current. 

In a special embodiment of the invention, the parallel electrodes enable the generation of 
an electrical field at an angle or perpendicular to the air-flow passing through the device, 
40 facilitating particles present in the sampled air to become electrostatically charged and 
thereby being captured by adhering to either the positively or negatively charged 
electrode. 
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In a special embodiment of the invention, the electrodes apply a high frequency 
alternating electrolyzing field to said captured biological particles after the introducing said 
biochemically defined solvents. 

In a special embodiment of the invention, the solvents comprise reagents that enable 
5 conducting a polymerase chain reaction or PCR. 

In a special embodiment of the invention, the solvents comprise reagents that enable 
conducting a ligase chain reaction or LCR. 

In a special embodiment of the invention, the solvents comprise reagents that enable 
conducting a transcription-based amplification. 

10 In a special embodiment of the invention, the solvents comprise reagents that enable 
conducting a restriction-based amplification. 

In a special embodiment of the invention, the reaction chamber is adapted to contain in 
the range of approximately 0.1 pi to 500 pi of fluid. 

15 In a special embodiment of the invention, the reaction chamber is adapted to contain in 
the range of approximately 1.0 pi to 5 pi of fluid. 

In a special embodiment of the invention, the reaction chamber has approximately the 
dimensions of 4.5 mm x 1 mm x 300 pm or proportionally smaller. 

20 

In a special embodiment of the invention, the device is reusable and is fabricated from the 
group of materials consisting of polymers, silica, glass, metals, and ceramics. 

In a special embodiment of the invention, the device is disposable and is fabricated from 
25 the group of materials consisting of polymers, silica, glass, metals, and ceramics. 

In a special embodiment of the invention, the electrodes comprise at least one plate 
electrode for leading an electrical current thereby creating an electrostatic field. 

30 In a special embodiment of the invention, the electrodes comprise at least one linear 
electrode for leading an electrical current thereby creating an electrostatic field. 

In a special embodiment of the invention, the distance between the electrodes at an angle 
or perpendicular to the air-flow through the device Is between 0.01 mm and 4 mm. 
35 In a special embodiment of the invention, the applied electricostatic field between the 
electrodes is between 100 V/mm and 1600 V/mm. 

In a special embodiment of the Invention, the method further comprising performing cell 
lysis induced by the application of high frequency alternating electrical fields. 

40 

In a special embodiment of the invention, the alternating current Is applied at frequencies 
between 8000 and 200,000 Hz. 
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In a special embodiment of the invention, the applied pulse sequences are between 1 
second and 60 seconds. 

5 In a special embodiment of the invention, the device further comprises a means of 
transmission for reporting the results of said biochemical reaction 

In a special embodiment of the invention, the means of transmission is by wire connection, 
by radio link, by infrared transmission, by microwave transmission, by ceilular phone, by 
10 GSM module, or by computer network. 

Another special aspect of the invention relates to a microbial monitoring system 
comprising devices as described herein, wherein said microbial monitoring system 
comprises a network of separate devices. 

15 

In a special embodiment of the invention, the monitoring network Is an integrated 
network. 

In a special embodiment of the invention, the location of a device, e.g. a device in the 
20 network, is determined by means of a global positioning system. 

In a special embodiment of the invention, the methods constitute a detection or 
diagnostics assay. 

25 In a special embodiment of the invention, the detection assay comprises a variable or 
programmable timer determining the frequency of detection assays. 

It should be noted that, according to the present invention, embodiments and features 
described in the context of one of the aspects of the present invention also apply to the 
30 other aspects of the invention. 



EXAMPLES 

Example 1 Exemplary embodiment of the preparation of a chip 

35 The design embodies a container or reaction chamber that has dimensions being (or 
scaling proportionally to) 4.5 mm x 1 mm x 300 ^m. The proposed device structure follows 
the essential schematics of the described concept design. 

A silicon substrate base is coated with a thermally resistive layer to define the thermal 
40 properties of the device. Subsequently, a resjstive heater layer with low resistance, lead 
out tracks, and contact pads Is deposited and patterned. The heater is patterned uniformly 
to heat the base of the channel. Next a dielectric layer Is deposited to insulate the heater 
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from subsequent layers. Then a platinum film is deposited, and patterned to provide 
temperature sensors and electrodes. The temperature sensors are then selectively 
insulated from the sample. The silicon wafer fabrication is completed by the processing of 
any layers that are required for bonding and sealing in the channel formation / lid 
5 attachment. 

The lid Is made of glass to give inherent thermal insulation. A platinum electrode film is 
deposited and patterned. If required it may be insulated, or it may have temperature 
sensors patterned In it. The patterning steps are essentially a subset of those used In the 
10 silicon wafer fabrication. Fluid access ports are then formed in the lid, a range of processes 
is possible— but this could be essentially conventional machining. Fluid Interface 
components, such as Luer fittings are bonded to these ports at a convenient stage in the 
assembly flow. 

15 The channel is defined either by etching into the lid prior to the platinum electrode 
formation. This is readily possible only If the electrodes on the lid are of relatively coarse 
geometry allowing trivial fabrication of patterns. Alternately, the lid remains a planar 
component and the channel is formed in a 300 urn thick "spacer" layer, which is bonded to 
* both the silicon base and the glass lid. 

20 Process layers step by step 

In this sub-section we define the layer sequence used to build the device. We outline the 
functional role(s) of the layer In the device and we give several alternatives in how to 
obtain the device and list advantages/disadvantages of the choices. 

25 Step 1, see Figure 2 

Silicon substrate. This is a silicon wafer in the order of 500 urn thick.. A double sided 
polished wafer is preferable as it facilitates thermal contact to the rear face of the reaction 
chamber. If lateral thermal isolation can be achieved by a back surface deep RJE process, 
then either the wafer thickness should be reasonably closely specified or the etch depth 

30 varied to compensate for wafer thickness variations. Such wafers are readily available from 
a large number of sources. 

Step 2, see Figure 3 

Thermal insulation layer. This layer is deposited on the upper surface of the silicon In order 
35 to control the rate of heat loss to the heat sink, and thereby the power required both to 
maintain the temperature and to heat the sample. For the required PCR cycle times and 
power levels a polyimide layer of order 20 nm thickness will be required. Various kinds of 
polyimide are available for use, with BCB (Benzocyclobutene) being an alternate polymeric 
dielectric material. 

40 

Step 3, see Figure 4 

Heater layer. This layer is formed in a conveniently resistive material. In the thermal 
model peak power, dissipation in the heater of order 4 W is indicated. The resistance that 
it requires depends on the desired drive voltage and current. Currents in the order of 100 
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mA to 1 A are considered reasonable, with correspondingly voltages ranging from 40 V to 
4 V. The required resistance is then in the range of 400 Q down to 4 ft. The heater resistor 
geometry may conveniently closely follow that of the reaction chamber, being a simple 
rectangular slab covering the entire base. Thus the resistor is approximately 4.5 squares in 
5 length indicating a film resistivity in the approximate range 1-100 ft/m. This resistivity can 
readily be achieved with a thin film process. A NiCr resistor can be deposited by sputtering, 
or evaporation, and patterned by wet etching. NiCr resistor processes meeting the 
requirement are widely available. 

10 Step 4, see Figure 5 

Contact layer 1. This layer is deposited immediately following the NiCr deposition and 
serves to define contacts to the NiCr resistor. Typically this layer would be a thin film of 
gold. It is defined by wet etching. Self-evidently the pattern is such that there is always 
NiCr under the gold, but there may not be gold over the NiCr. The typical sequence is a 

15 photolithographic mask to define a pseudo-layer "gold OR NiCr", etch the gold then the 
NiCr, remask to define the layer "gold" and re-etch the gold. (There seems essentially no 
attack on the NiCr film by iodine based gold etchants). Suitable processes are widely 
available. 

20 Step 5, see Figure 6 

Electrical Insulation 1. This layer serves to insulate electrically the heater layer from 
subsequent conductor layers. The .most likely material to be used is a PECVD oxide. The 
required via / contact openings can be pattered in the oxide using a standard reactive ion 
etch process. Both the PECVD and RIE processes are widely available. 

25 

Step 6, see Figure 7 

Platinum 1. This layer serves to form both meander structures used as temperature 
sensors and to form electrodes used in the spore trapping and DNA detection processes. It 
is envisaged that the film will be patterned by lift-off photolithography and deposited by 
30 electron beam deposition. Instead it is possible to use sputter deposition and either sputter 
back-etching or a reactive ion etch. However, the lift-off route is likely to be the more 
readily available. 

Step 7, see Figure 8 

35 Contact 2. A second contact layer material may be required to facilitate wire bonding to 
the platinum films. 

Step 8, see Figure 9 

Electrical insulation 2. This layer serves to insulate the temperature sensors from the 
40 sample. A PECVD oxide deposited and patterned essentially as step 5 is envisaged. 

Step 9, see Figure 10 

Planarlzation 1. If the attachment of the lid requires an especially flat surface then it might 
be necessary to deposit an overall layer which can be polished to a high degree of flatness, 
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before being removed from everywhere except the lid bonding region. Such planarization 
processes are Increasingly common and are most effective. For example, the liquid crystal 
on silicon display industry uses processes of this type to allow optical quality mirror 
surfaces to be formed over dense integrated circuit topography. 

5 

Step 10, see Figure 11 and Figure 12 

For completeness at this stage we show a "picture frame" spacer and the device lid. These 
are discussed, below. The lid is assumed to have an overall platinum layer or a titanium- 
gold layer. The notch cut out in the sidewall of the frame is to allow a contact to be 
10 brought from the platinum film on the lid down to the main silicon substrate. This is 
achieved using an injected conductive material, such as a loaded epoxy. 

The final device is shown in Figure 13. 

15 Other process information 
Glass cover fabrication 

A glass cover is preferred since it offers an effective thermal barrier in a proven material. 
Slight complexity is introduced by the need to define a platinum structure on this lid, and 
by the fluid ports, but this is not out of the ordinary. 

20 

A key design decision is whether to include any temperature sensing and heating on the 
cover. If these are included then the process flow is more complicated. 

A simple cover having only an exposed platinum electrode used for spore capture could be 
25 produced by simply sputtering or electron beam evaporating platinum over the entire glass 
substrate. If heaters and temperature sensors are incorporated then a process flow 
selected from steps 3-9 of the base silicon process would be used. There may be little 
variation in detail of steps of the flow to accommodate the glass as opposed to the silicon 
substrate. 

30 

Once the thin films are fabricated the fluid ports would be machined through the glass. 
Various means are available for this e.g. using a micro-milling machine with a high speed 
spindle. Other routes include spark erosion, ultrasonic milling, and sand blasting. 

35 Channel formation and device assembly 

The channel is formed using a spacer layer bonded to both the silicon and the glass. Many 
routes are possible for forming and bonding this layer. Our preferred routes are adhesive 
films and activated or simply clamped PDMS. The alternatives for channel formation is as 
follows: 

40 

A. Adhesive bonding 

At the simplest possible level it may be possible to define the channel by die, or laser, 
cutting into a 300 jam thick film adhesive. Such adheslves are widely used in the mass- 
market for medical assay devices. However, there may be concerns over the long-term 
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reliability for the current application. Using adhesive tape would be possible if the device 
were used as disposable. 

PDMS molding and plasma assisted bonding 
5 In this process a gasket is moulded in silicone rubber. Such mouldings are readily 
produced in moderate numbers, with prototypes being cheaply produced. The moulding 
process allows the retention of very fine detail. The process of bonding silicone rubber to 
glass by oxygen plasma activation of the silicone is well established in many groups. It 
readily forms long lasting bonds having high bond strength: typically the silicone rubber 
10 material fails, through tearing, before the bond to the glass fails. Since the silicon 
fabrication completes with a PECVD oxide layer a PDMS gasket can be used to join the two 
components and form the seal. 

If the package and the device are designed together then it may be attractive to use a 
15 clamped seal. This would most likely be PDMS. This might be laser, or die, cut from a 
sheet precision moulded to a thickness marginally In excess of the desired 300pm. 
Precision spacers in the assembly would be used to limit the compression of the seal and 
hence limits lateral excursion in compression. 

20 B. Glass-glass fusion bonding 

Fusion bonding of glass components is possible provided that both surfaces are very flat 
and clean. The major qualification over this route is that the temperatures required may 
prove to be too high to allow the use any polymeric materials in the device. 

25 C. Cold welding 

An interesting possibility is to form a frame defining the channels in thin glass, or perhaps 
to define the channel by etching into the lid. A thin film metallization is then deposited and 
pattered to define the sealing area and electroplated with a layer of indium. This layer Is of 
order 25 ^m thick, with a similar layer being plated onto the seal region of the other 
30 components. To assemble the components the indium Is cleaned to remove surface oxide, 
typically with dilute HCI, and then rinsed with solvents. The two clean indium surfaces are 
then brought into contact and immediately cold weld together. 



35 Example 2 Method of determination of capture efficiency 

Preparation of standardized biological particles 

One hundred mg of Biobit Bacillus thuringfensls subsp. kurstaki containing approximately 
40 10 9 spores/g (Valent Biosciences Corp, Libertyville, USA) Is resuspended in 1 ml of 
demineralised water and centrifuged for 90 sec. at 12000 rpm. The supernatant is 
discarded. This procedure is repeated four times. Prior to the last resuspension, a sample 
Is withdrawn for determination of the number of colony forming units (CFU) per ml. The 
tube is left for exsiccation in e.g. vacuum until dried. 
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Dilution series is plated on LB-agar plates (Luria Bertani substrate; 10.0 g tryptone, 5.0 g 
yeast extract, 10.0 g IMaCI, 15.0 g agar resuspended in 1.0 liter H20 - pH = 7.0, 
autoclaved), incubated at 30°C overnight and inspected for visual colonies. The number of 
5 CFU enables the determination of spores in the powder. 

Measurement of capture efficiency 

10 The washed and dried Bacillus thuringlensis spores are aerosolized In an appropriate 
aerosol chamber resulting in an approximate spore concentration of 10 4 -10 5 spores per 
liter. The chip/sampling chamber for which the capture efficiency is to be determined Is 
connected to the device, thus being functionally associated. Then the chip/sampling 
chamber is connected to the aerosol chamber and aerosol is aspirated through the sample 

15 chamber of the chip with a gas flow of approximately 50 mL/minute. A particle counter 
(e.g. analyzer model 3321 from TSI Inc., 500 Cardigan Road, Shoreview, MM 55126-3996, 
USA) is connected to the outlet of the chip and is counting the number of spores in the size 
range 1-10 urn that leaves the chip. 

20 First the number of spores of in 25 mL aerosol is measured by aspirating the aerosol while 
setting the potentials of the first and the second electrode to ground. The measured 
number of spores is used as the control value, N c . 

Then, the selected potentials are applied to the first and the second electrode, another 
25 25 mL aerosol is aspirated through the chip and the number of spores exiting the chip Is 
measured during the aspiration. This value is called N s . 

The capture efficiency of the chip/sampling chamber at the selected potentials are 
calculated as (N C ~N S )/N C *100%. 

30 

Example 3 Determination of DNA/RNA release percentage 

One hundred mg of Biobit Bacillus thuringiensis subsp. kurstaki containing approximately 
35 10 9 CFU/g (Valent Biosciences Corp, Libertyville, USA) are resuspended in 1 ml of 

demineralized water and subsequently pasteurised at 70°C for 5 minutes, subsequently 
the solution is centrifuged (5000 x g , 5 minutes). The supernatant is discarded - This 
(Tyndalisation) procedure is repeated two times more. The final 1 ml solution contains 
approximately 10 8 spores. 

40 

This solution is diluted to a final concentration of 10 5 spores/ml, thus constituting the stock 
solution. 
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The sample chamber is filled with a sample of stock solution and the sample is exposed to 
an alternating electric field having a selected frequency, amplitude, and duration. 

To determine the DNA/RNA release percentage of the biological cells of the sample, both 
5 the exposed sample and a control containing stock solution is treated with the 

fluorochrome 4',6-diamldino-2-phenyllndole (DAPI). DAPI is widely used as a DNA stain 
that forms a fluorescent complex when bound to A-T rich sequences in the minor groove of 
dsDIMA. The staining solution is an aqueous solution containing 2,0 M9/ml DAPI. 

10 The sample chamber is eluted with a volume of staining solution which volume is three 
times the volume of the sample chamber. The eluent from the sample chamber is allowed 
to incubate at room temperature for 5 minutes. 

A volume of control comparable to volume of the exposed sample Is stained separately for 
15 5 minutes with a volume of staining solution being approximately three times the volume 
of the control. 

Then an appropriate volume of the control and an appropriate volume of the exposed 
sample are then viewed in phase-contrast microscopy and fluorescence microscopy 
20 (supplied with a DAPI filter). For both the control and the exposed sample, the number of 
spores is counted by phase-contrast microscopy and the number of spores exhibiting a 
release chromosomal DNA molecules (visible as blue spots) is counted by fluorescence 
microscopy. The DNA/RNA release percentage is then determined as 

25 where d s Is the counted number of blue DNA spots and s s is the total number of spores. 

The background DNA/RNA release percentage may also determined for the control and if it 
shows an background release of more than 5%, it is suggested that the determination 
deemed invalid and that it is repeated on a new stock solution of biological cells. 

30 
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